on accumulation of GUS in the bundle sheath (Supplemental Figure 9 ). The second of Supplemental Figure 10 ). To test whether this sequence is sufficient to restrict expression 2 0 5
to the bundle sheath, it was combined with ten upstream and ten downstream nucleotides within the context of the endogenous MYB76 promoter, oligomerized and fused to GUS.
0 7
This construct generated preferential expression in the bundle sheath ( Figure 4E , 2 0 8
Supplemental Figure 11 ). We conclude that this motif, identified from deletion analysis, 2 0 9 phylogenetic footprinting and DNaseI sequencing, is both necessary and sufficient to 2 1 0 generate bundle sheath specific expression. In order to identify transcription factors that interact with the region of the MYB76
DREB2A and DREB26 bind the region of MYB76 that drives expression in the bundle
promoter that is necessary and sufficient for bundle sheath expression a Yeast One-Hybrid
screen was performed (Gaudinier et al., 2011 (Gaudinier et al., , 2017 Reece-Hoyes et al., 2011) . This sites for eight of these have been defined using DAP-seq (O'Malley et al., 2016 ) and so we 2 1 9
scanned the DHS for these motifs using the FIMO tool (Grant et al., 2011) . This identified ( Figure 5B ). But, the TOMTOM algorithm (Gupta et al., 2007) 4D), is similar to the DREB26 and DREB2A binding sites but not to those of DF1 or 2 2 6 MYB73 ( Figure 5C ). In fact, the binding sites of DREB26 and DREB2A overlap with this 2 2 7
TGCACCG motif ( Figure 5B ) which is shared with the SULTR2;2, SCR and GLDP to cell type-specific gene expression, interaction between DREB26 and the MYB76 2 3 0 promoter has been reported previously (Li et al., 2013) . To confirm that these DREB 2 3 1 transcription factors interact with the DHS in planta we performed a trans-activation assay 2 3 2
in Nicotiana benthamiana. Co-infiltration of DREB2A and DREB26 with the DHS fused to 2 3 3 the GUS reporter drove GUS accumulation in leaves of N. benthamiana ( Figure 5D ). We individual binding sites either to a particular transcription factor or to a specific function.
4 7
However, through identification of DHS sites that are distant from gene bodies and identified (Zhu et al., 2015; Sullivan et al., 2014) . Using an analogous approach that for patterning gene expression. In contrast, the TGCACCG motif that is both necessary and sufficient for expression in the A. thaliana bundle sheath is a relatively simple module. From our data we propose that MYB76 patterning is mediated by the interaction of mechanism that might explain our findings is that binding of DREB2A and/or DREB26 Egawa et al. , 2006; Feng et al., 2007) and A. thaliana (Vainonen et al., 2012) . Moreover, of DREB2A target genes (Sakuma et al., 2006) . As far as we are aware there are no
reports of post-translational regulation of DREB26 activity and this may be an interesting 2 9 9 area for future research. As the evidence above suggests that DREB2A and DREB26 bind The comparatively simple architecture associated with the TGCACCG motif is relevant
to bioengineering and use in synthetic biology applications. Generating synthetic
promoters is one of the major requirements for synthetic biology (Dey et al., 2015) . Short
synthetic promoters have a number of advantages over the long promoter fragments cis-elements to achieve higher expression levels is a common strategy when creating
synthetic promoters (Dey et al., 2015) . As the MYB76 DHS is short and can be 3 1 4
oligomerized to tune expression levels, it appears to be particularly suitable for use in 3 1 5 synthetic promoters.
Overall, we conclude that in addition to distant DHS from gene bodies being excellent
candidates for enhancer elements (Zhu et al., 2015) , for genes that are preferentially
expressed in specific cell types, DHS also represent good candidates for cis-elements
controlling the patterning of gene expression. Moreover, as with hormone responsiveness , 1997 , 1995 Wu et al., 2018) , our data indicate that cell-type specific gene
expression can be mediated by a simple element in cis, and that the MYB76 DHS is density, 65% relative humidity and a temperature cycle of 24°C (day) and 20°C (night).
After 12 days, transformed seedlings were transferred onto 1:1 Levington M3 high nutrient density, 60% relative humidity and 22°C. The full length MYB76 gene as well as the promoter alone were amplified from A. genomic DNA::uidA and 2xDHSCaMV35SMin::uidA constructs were made using Golden introduced into A. thaliana Col-0 by floral dipping (Clough and Bent, 1998) .
The MEME tool from The Multiple Em for Motif Elucidation (MEME) suite v.4.8.1. (Bailey genes expressed in the A. thaliana bundle sheath. Maximum length of the motif was set to 3 6 0 8 nucleotides, both strands of the sequence were searched and each motif had to be Brassicaceae was generated using the MUSCLE algorithm (Edgar, 2004 ) and edited threshold set at p = 0.0001 to predict regulatory regions within non-coding sequences of
MYB76 homologues in Brassicaceae. GUS staining of at least nine T1 plants of each uidA fusion construct was performed
according to (Jefferson et al., 1987) . Analysis of multiple T1 plants allows position effects week old plants were vacuum-infiltrated three times in GUS solution for one minute and
then incubated at 37°C for between 3 and 72 hrs depending on the strength of the
promoter being assessed. Next, stained samples were fixed in 3:1 (v/v) ethanol:acetic acid
for 30 minutes at room temperature, cleared in 70% (v/v) ethanol at 37°C and then placed reporter accumulation from each promoter a quantitative assay that assesses the rate of Regions screened for transcription factor binding via Yeast One-Hybrid were first 3 9 2 inserted into pENTR 5'TOPO TA entry vector (Thermofisher) and subsequently placed into described previously (Gaudinier et al., 2017 (Gaudinier et al., , 2011 Pruneda-Paz et al., 2014) .
To test interactions between promoter regions and transcription factors in planta leaves from three-week old plants were inoculated with a 1 ml syringe. Leaves were 4 0 7
analysed 72 hrs after inoculation. were stained for 48 hours. Scale bars represent 100 µm. Transcript residency on ribosomes reveals a key role for the Arabidopsis thaliana
bundle sheath in sulfur and glucosinolate metabolism. Plant J. 78: 659-673.
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